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Introduction
ADEQUATE management of the surgical

patient today demands a thorough knowl-
edge of the changes in fluid and electrolyte
balance incident to the operation itself.
More accurate assessment and correction of
preoperative blood, fluid and electrolyte
deficits and excesses are now possible. The
changes induced by surgical procedures,
however, are understood far less com-
pletely. These are the acute changes which
directly determine the operative and post-
operative management of fluids and elec-
trolytes in surgical patients.
Acute changes in renal function in the

operative and postoperative period have
been observed for many years.19' 23, 38 The
decreased renal excretion of sodium in the
postoperative period is a well recorded
event.25 It recently has been well estab-
lished that extracellular fluid volume, or
more precisely the "functional" extracellular
fluid volume, is a major determinant of
renal sodium excretion.7 32, 35
The present study was designed to meas-

ure as precisely as possible the changes in
extracellular fluid volume which occur in-
cident to major operations. This was done
employing a new method for the simulta-
neous measurement of plasma volume, red
blood cell mass, and extracellular fluid vol-
ume.30 The method was so designed that
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these volumes could be accurately meas-
ured on two occasions during the operative
period. This consisted of the use of 1131
(RISA) tagged serum albumin, chromate 51

tagged red blood cells, and sulphur 35

tagged sodium sulphate. In addition, losses
of plasma, red blood cells and extracellular
fluid were measured via the wound and
through the kidneys. Serum and urine elec-
trolyte concentrations were also measured.
The data indicate a marked loss of func-

tional isotonic extracellular fluid during the
first two hours of a major surgical pro-
cedure, which is independent of actual
whole blood loss. The data also indicate
that this loss of functional extracellular fluid
is largely due to an internal redistribution
of extracellular fluid.

Materials and Methods

Two groups of patients have been stud-
ied. The control group consisted of five pa-
tients having general anesthesia and minor
surgical procedures involving minimal tis-
sue trauma and minimal blood loss. These
patients received no fluids or electrolytes
during the surgical procedure and were
used to demonstrate the accuracy and re-
producibility of the method. The study
group consisted of 13 adults undergoing
elective major surgical procedures. As in
the control group simultaneous measure-
ments of plasma volume, red blood cell
mass, and extracellular fluid volume were
made at the beginning of operation and
were then remeasured after two hours of
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ACUTE CHANGES IN EXTRACELLULAR FLUIDS

the surgical procedure. During this time no

fluids or electrolytes were administered to
the patients.

Using a method previously described,30
isotopes were administered simultaneously
intravenously in one arm and blood samples
were drawn from the opposite arm with the
use of an indwelling polyethylene catheter.
The counting method was devised using

a combination of energy differentiating
monitors which would allow differentia-
tion of S35, I131, and Cr51 in a single blood
sample.30 technic employed

and the volume distribution curve of all
isotopes was determined to be the same for
both test periods, as no patient demon-
strated any significant change in pulse or

blood pressure during the period of ob-
servation.30 37 Samples were taken at 10, 20
and 30 minutes after each injection as well
as samples at 20-minute intervals between
injections. All samples were run in duplicate.

Sponges and laparotomy packs were col-
lected fractionally during the 20-minute
isotope equilibration time, during the sur-

gical procedure, and during the equilibra-
tion time of the second injection. Urine
samples were simultaneously fractionally
collected. In addition to the isotope meas-

urements serum sodium and potassium as

well as urine sodium and potassium were

measured on all patients. Saline was not
used in the operative field during the two
hour study period. Suction blood was col-
lected and assayed for isotope content by
differential energy emission as previously
described.30
Laparotomy packs, sponges, and suction

blood were also analyzed for hemoglobin
content by washing packs and sponges with
distilled water and determining hemoglobin
content, as well as estimating blood loss by
pack and sponge weights combined with
suction blood loss.

A. Control Group
1. Results of the determinations in the

control group are summarized in Table 1.

It can be seen that the total blood loss in
these patients is consistently 200 cc. or less.
This agrees with the laparotomy pack and
sponge weight estimate of blood loss, as

well as by hemoglobin determination on

pack and sponge wash water and on the
suction blood itself. This was further con-

firmed by differential isotope counting of
the sponges and pack wash fluid as well as

suction fluid.
2. In this group of patients the extracel-

lular fluid loss averaged only 1.4 per cent

more than the expected decrease in this
space from the actual measured and calcu-
lated plasma loss. This difference was within
the reproducibility of the method of simul-
taneous space measurements. From this
control group of patients it can be seen

that the variation in the plasma volume, red
blood cell mass, and extracellular fluid vol-
ume is less than 3.0 per cent. This has also
been determined in normal subjects.3' Pa-
tients 3, 11 and 12 of this group represent
spaces done immediately before and after
the induction of anesthesia. This was done
in order to eliminate the possibility that
any variation in space measurements dur-
ing major operative surgery could be as-

cribed to the anesthetic agent used.
3. It should be further pointed out that

the values for the spaces agree closely with
measurements obtained by others utilizing
this as well as other substances for measure-
ment of the various spaces.3-5 9, 10, 16, 17, 34, 37

B. Experimental Group
1. The results of the determinations in

this group are summarized in Table 2. The
measured total blood loss in this group of
patients varied from a minimum of 215 cc.

during the course of the cholecystectomy
to a maximum of 968 cc. during the per-

formance of a subtotal gastric resection.
Again this agrees with blood loss predicted
from laparotomy pack and sponge weights
as well as by hemoglobin determination on

pack and sponge wash water and on suc-

tion blood. This estimated blood loss was
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TABLE 3

Race Wt. (kg.) Procedure Anesthetic Trauma Degree

C 102 Cholecystectomy

w 76 Colectomy

C 60 Cholecystectomy

X 60 Cholecystectomy

W 62 Laminectomy

W 75 Excision of mesen-
teric cyst & chole-
cystectomy

LA 70 Cholecystectomy

W 76 Subtotal gastrec-
tomy

W 70 Subtotal gastrec-
tomy

W 70 Cholecystectomy

w 75 Cholecystectomy

C 60 Cholecystectomy

N20-cyclopropane

Pentothal, ether,
cyclopropane
Pentothal, Anectine,
C3H6, ether

Pentothal, cyclopropane,
ether

Pentothal, Anectine,
N20, Trilene

Pentothal, Anectine,
N20, Fluothane

2c/c Pentothal, C3H6,
ether

Pentothal, Anectine,
cyclopropane, ether,
N20

Pentothal, C3H6, ether

Ether, cyclopro-
pane, pentothal

Pentothal, cyclopro-
pane, ether-02, Anectine

Pentothal, C3H6, ether

also confirmed by differential counting of
the wash fluids as previously described.

2. In this group of patients the loss of
extracellular fluid volume varied from the
low of 0 to a high of 28 per cent of the
original total body extracellular fluid. It
can be seen from Table 2 that there is no

linear correlation between the actual blood
loss and the amount of the functional extra-
cellular fluid loss. Further it could be seen

that the sponge loss of S3504 tagged extra-
cellular fluid approximated only that which
would be expected to appear as plasma loss
alone.

3. The urinary loss of isotopes was meas-

ured during the isotope equilibration time.
The volume distribution determinations
were calculated according to the formula:
amount injected-minus the amount excreted

divided by the concentration in the space

being measured.37
4. In addition the wound and urinary

loss of isotopes during the entire surgical
procedure was measured; however, the ac-

tual loss of any isotope by either route does
not interfere with volume measurements
since the reinjection technic was employed.

5. It can be seen from Table 3 that there
was a marked difference in the estimated
degree of trauma during the various pro-

cedures reported. We have attempted to
grade the degree of trauma in similar pro-

cedures with particular regard to the ob-
served amount of necessary retraction, diffi-
culty in exposure and depth of anesthesia.
It would appear from the functional loss of
extracellular fluid observations that the
only factor which could be seen to correlate
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Age,
Patient Sex
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4 30
F

5 66
,

8 37
F

9 65
F

10 64
F

13 74
F

14 48
F

15 31

16 39
M

17 49
F

18 42
F

19 30

8

5

8

3

4

4

3

3

4

2
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with the degree of loss of functional extra-

cellular fluiid wvas the amount of trauima in-
volved. This generally followed a pattern of
increasing functional loss of extracellular
fluid with increasing trauma.

6. The determinations of serum electro-
lytes are summarized in Table 4. It can be
seen that despite the demonstrated change
in extracellular fluid volume that serum

sodium and potassium concentrations stay
within the normal range. It is concluded
from these stuLdies that loss of extracellular
fluid wvas essentially, a loss of isotonic fluid.

Discussion

The decreased renal excretion of sodium
is a well documented feature of the post-
operative state.19 23, 2 .. 38 Functional extra-
cellular fluid volume has been recently
shown to be a major determinant of renal
sodium excretion in the normal individual.
32, 35 The decrease in this portion of the
body fluid might well represent a major
physiological stimulus to postoperative so-

dium retention, as has been previously pos-

tulated.
Previous measurements of the total extra-

cellular fluid volume have usually shown
postoperative enlargement of the extracel-
lular fluid volume by the methods used.1 6,

2'133 However, these determinations were

made after the changes in extracellular fluid
volume might have occurred, and in addi-
tion were limited in the accuracy of acute
volume changes by the methodology which
was available at that time.
As pointed out previously,37 the total ex-

tracellular space is somewhat larger than
the functional extracellular space. It has

been demonstrated that acute measure-

ments of the extracellular space by S3530
represent the functional, or physiologically
active, extracellular space.

The present data demonstrate a marked
reduction in the S35O4 space in response to

the acute trauma of operation. This could
be explained by either: 1) External loss
from the body by such routes as whole

TAIBLE 4. Con/tro

Preop.

Patient

3
12
22

4
5
8
9
10
11
12
14
16
17
19

P'ostol).

Na K Na K

140
144
139

144
135
136
138
142
142
139
145
136
139
140

4.5 139
5.0 142
4.6 141

Experimiient(al

4.6 140
4.8 139
4.4 136
5.1 139
4.2 142
4.8 139
5.0 140
4.7 143
4.6 138
5.1 136
4.9 140

4.8
5.1
4.6

4.5
5.0
4.5
5.0
4.2
4.9
4.7
4.9
4.9
5.1
4.8

blood loss, plasma oozing, or by drainage
of ultrafiltrate in some fashion such as

drainage from the operative site; or -2) In-
ternal redistribution or sequestration into
an area where S3O4 no longer equilibrates
with the extracellular pool.
The data presented would indicate that

the possibilities enumerated in the first hy-
pothesis alone are untenable; consequently
it is believed that the apparent descrease
in functional ECF must be due to internal
redistribution. This would appear to be in
1) the tissue adjacent to the surgical
wound; 2) translocated into an area where

salt tends to be sequestered such as in the
splanchnic bed; or 3) intracellular. Studies
are currently in progress to elucidate the
nature of this translocation.

In the present study the reduction of
functional extracellular fluid which has
been shown to occur during the operative
procedure is independent of whole blood
loss. The only factor observed which would
tend to influence the degree of functional
extracellular loss was the magnitude of the
local trauma. It can be seen, for example,
that Patient 9, who was an elderly, but thin,
60-kilogram woman undergoing cholecyst-
ectomy, required no wound retractors (Ta-

X'olume 154
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ble 2, 3). As a result she sustained 362 cc.
whole blood loss and functionally decreased
her extracellular fluid volume 7.0 per cent
of its original value. Patient 8, (Table 2,
3) on the other hand was a 60-kilogram,
young, but obese woman who underwent
cholecystectomy with similar (498 cc.)
whole blood loss. This patient required
continuous wound retraction, was in light
surgical anesthesia on several occasions,
and consequently presented difficult opera-
tive exposure throughout the procedure. In
this individual the reduction of extracel-
lular fluid volume is seen to be 28 per cent
of the original value.
The perception of a diminished func-

tional extracellular fluid volume and the
pathways of the mediation to the kidney
are still unknown in both the normal sub-
ject and in the surgical patient.7 32 35 Pre-
viously demonstrated increased adrenal cor-
tical activity in response to major operative
trauma 8, 13, 14, 18, 24, 27 often has been impli-
cated as the cause of postoperative sodium
retention.6' 11, 15, 19, 2224 However, several re-
cent studies, including measurements in
animals and man who have been previously
adrenalectomized, show that the renal re-
sponse to change in volume remains rela-
tively unchanged.7 29 Similarly, the response
to standarized trauma in adrenalectomized
animals receiving constant doses of adrenal
cortical replacement differ in no way from
non-adrenalectomized animals undergoing
similar trauma.'2 One patient with unequiv-
ocal Addison's disease has been studied in
regard to response to operation and again
demonstrated the usual postoperative de-
crease in natriuresis.26 Further, this decrease
in natriuresis could be overcome by pre-
operative salt loading.

It has been shown that there is an in-
crease in aldosterone secretion in response
to major operative surgery.20 Again follow-
ing adrenalectomy, where there is no in-
crease in aldosterone output in response to
operation, the postoperative changes which
occur are similar. While aldosterone may

Annals of Surgery
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well play an intermediate role in the nor-
mal response to major operative trauma, it
has been shown that all adrenal cortical
hormones which are increased in response
to major operative surgery can be eliminated
and the renal response to trauma remains
the same. It has also been shown quite re-
cently that a contraction in extracellular
fluid volume is in itself a strong stimulus
for aldosterone secretion 36 and that this
may be the major initiating factor for the
observed increase in urinary aldosterone in
major operative surgery.

Present evidence indicates that there is
an increase in the antidiuretic hormone se-
cretion (ADH) which may result from a
number of factors including pain, emotion,
etc.35 Strauss has demonstrated that a de-
creased functional extracellular fluid volume
is an effective stimulus for the increased
secretion and output of the antidiuretic
hormone.

In summary, one feels justified in pos-
tulating that many of the observed altera-
tions in hormonal output, renal responses
and compensatory efforts to correct extra-
cellular fluid volume in the postoperative
period can be ascribed to a progressive
marked diminution in functional extracel-
lular fluid incurred by the operative trauma
itself.

Summary and Conclusions
1. Patients undergoing minor operative

surgery were used as controls and patients
undergoing major operations were studied
as experimental subjects in measurements
of acute changes in body fluid equilibria
during the operative procedure.

2. The technic employed was a new
method for the simultaneous measurement
of plasma volume, red blood cell mass,
and extracellular fluid volume so designed
that these volumes could be measured on
two occasions during the operative period.
This consisted of the use of I131 (RISA)
tagged serum albumin, Chromate 51 tagged
red blood cells, and S35 sodium sulphate,
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with re-injection of all isotopes after two
houirs.

3. The data indicated marked reduction
in functional extracellular fluid occurring
during a major operative procedure.

4. The loss of isotonic functional extra-
cellular fluid could not be located as on
external loss, and is therefore presumed to
be largely an internal redistribution.

5. The magnitude of the internal redis-
tribution of extracellular fluid was not re-
lated to whole blood loss, but seemed to be
directly related to the degree of surgical
trauma from the standpoint of degree and
duration of retraction and ease of operative
exposure.

6. These data support the hypothesis
that a major stimulus to postoperative lim-
itations of sodium excretion is an acute con-
traction of functional extracellular fluid in-
curred by the surgical procedure itself.
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